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ABSTRACT
Compressive residual stresses are an important influence on the fatigue life of flapper valves in compressor
applications. The new material, Flap-X, has optimised residual stresses for a longer fatigue life reed valve. Residual
stresses were measured using XRD for various materials before and after tumbling. Hardened strip samples of
various thicknesses and steel grades were stamped to produce valve samples. Tumbling trials were performed with
different durations. The edge radius and the surface roughness were measured for each thickness to understand if
there was any correlation between them. Compressive residual stresses increase with an increase of tumbling time.
Residual stresses before and after tumbling of various steel grades vary.

1. INTRODUCTION
It has previously been shown that tumbling, shot peening and other similar edge and surface preparation methods
improves the fatigue life of strip material (Dusil, 1978). These improvements in fatigue properties are achieved by
reducing the effect of edge and surface defects and by introducing compressive residual stresses, both at the edges
and on the surfaces (Dusil 1978). For the new alloy Flap-X, this work aims to reproduce some of the investigations
reported on Blanking, Tumbling and Shot-Peening of Compressor Valves (Dusil 1978). The work also aims to
expand on the previous knowledge by adding investigations of a new material and varying sample thicknesses.

2. MATERIALS AND SAMPLES
The reference tests were undertaken for two common flapper valve steel grades. One was a modified version of the
AISI 420 standard martensitic stainless steel referred to as”420” in this report. The second was a high carbon steel
grade which is similar to the AISI 1095, referred to as “1095 in the current study. Both of these steel grades were
investigated along with three other materials. One was a new improved version of the AISI 420 standard called
“Flap-X”. The second addition was a high carbon martensitic stainless steel grade here referred to as ”13Cr0.7C” in
this report and the third addition was a hot-work Tool steel grade referred to as “Tool steel”. The samples used the
tests were produced by blanking, with all samples having the same shape. The three thicknesses investigated were
“thin” (0.203 mm), medium (0.305 mm) and the “thickest” (0.508 mm)
.

3. TUMBLING
The tumbling of the samples was done in a rotating lab tumbling machine using triangular ceramic chips (6 mm)
called WXC-6x6 D. A grinding compound 9A (SiC) was added along with water and a liquid inhibitor. The speed of
rotation was 40 RPM. The samples were tumbled for various durations between zero and 40 hours in different
intervals (see table 1)
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In the first stage, the materials were tumbled on two different occasions, called Batch A and Batch B, see table 1.
Batch A consisted of the following materials.
1. Flap-X
2. 1095 (20C)
Batch B consisted of the following materials.
1. 420 (SS716)
2. 13Cr0.7C (AEB-L)
3. Tool steel (S-Coat L+)
In the second stage, all of the samples were not loaded in the tumbling barrels at the same time. They were, instead
divided into three time groups; depending on the length of time they were to be tumbled as shown in table 1.
In the third stage, the tumbling media from one group was reused without any changes for next tumbling.
Table 1: Tumbling setup
Tumbling Condition of the tumbling media at start
times
of each tumbling time.
hours
Batch A
Batch B
1
3
Used 15 hours
Fresh
5
10
15
Fresh
Used 10 hours
20
Fresh
Fresh
40

4. EDGE PROFILE
The edge profiles of the samples were investigated in cross-sections in the same way that they were in the original
report (R. Dusil, 1978) as shown in Fig. 1 and 2. During comparison, it is found that the samples from Batch A
showed a much more rapid edge rounding than the samples from Batch B.
The Batch A materials showed notable rounding of the edge corners after only one hour tumbling as can be seen in
the example in Fig. 1. The Batch B materials needed almost 3 hours to show the same amount of edge rounding. As
illustrated in Fig. 2.
After 10 hours of tumbling the edges of all the 0.203 mm thin samples were well rounded with a single radius equal
to about half the thickness (see Fig. 1 and 2). Increasing tumbling time only resulted in reducing the radius of the
edge and increasing the stock removal from the samples as can be seen as a narrowing of the edge profiles after 40
hours tumbling in fig. 1 and 2.
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Figure 1: The edge profiles of the 0.203 mm thick ”Flap-X” material with differing tumbling durations.
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Figure 2: The edge profiles of the 0.203 mm thick ”420” material with differing tumbling durations.
The tumbling duration necessary to achieve a single rounded edge was progressively longer for the 0.305 and 0.508
mm thick samples. With a single rounded edge achieved within 15 hours tumbling on the 0.305 mm thick samples
and the 0.508 mm thick samples needing more than 20 hours of tumbling for all tested materials.

5. SURFACE APPERANCE
Both surfaces of all samples were photographed using a stereo microscope as shown in figure 3. This examination
clearly showed that the 1 to 10 hour tumbling performed on the Batch A affected the sample surfaces more rapidly
than the Batch B as illustrated in Fig. 3. It is clear that one hour of tumbling had a greater effect on the surface of the
Flap-X than it did on the 420 samples. For ”420” samples, after three hours in tumbling, it is still possible to see the
traces of the original brush lines while these traces are completely eliminated after one hour of tumbling on the FlapX samples.
”Flap-X”

”420”
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Figure 3: Showing a comparison between the surfaces of 0.203 mm thick Flap-X (left set of images) and 420
samples (right set of images) after different tumbling times.
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6. SURFACE ROUGHNESS
The 2D surface profile of the samples was measured using Precision Measurement system called Form Talysurf 60.
This was done by randomly measuring a line on one surface along the rolling direction on all of the samples.
The results of the measurements were used to calculate a range of different roughness parameters for each material,
sample thickness and tumbling duration as shown in figure 4. Note that it is the average Rz values that are presented
for each tumbled Batch.
The graphs show that the samples in Batch A had a rougher surface, at all tumbling times, for one to five hours of
tumbling compared to the samples in Batch B. They also show that the Batch A samples had a smoother surface
after 10 hours of tumbling when compared to the other materials. After 15 hours of tumbling it appears that the
surface roughness of the all materials is roughly the same. Between 15 and 40 hours of tumbling there appears to be
no consistent difference between the tested materials.

Figure 4: Showing the average Rz values for the samples of Batch A and Batch B relative to the tumbling duration.

7. RESIDUAL STRESSES
A sample from each material and tumbling duration was measured for residual stresses using XRD with one
measurement on each side of the sample. The XRD measurements were made using Cr-Ka1 radiation, Bragg angle
156 degrees and lattice planes (2 1 1). The full measurement was made in oscillation and with nine scans each. Note
that, when discussing surface residual stress measurements, focus should be on the overall difference between
results rather than the absolute values. This is due to the fact that actual numbers in residual stress measurements are
closely linked to the material constants. These constants are used during raw data analysis. The setup of the
instrument also affects the measurements. In this way, the difference between the materials and tumbling times
basically stays the same independent of other variables.
In the diagram in figure 5 a) its shown that Flap-X achieved approximately 33 % greater compressive residual
stresses as compared to the ”420” material. The higher residual stresses contribute to higher fatigue life in the final
application. The”13Cr0.7C” material had slightly less residual stresses than”420” but higher than the Tool steel
samples.
The results in the 5b) figure show that thicker samples had a higher residual stresses after tumbling compared the
thinner ones. The 0.508 mm thick samples had on average 20 % high residual stresses than the 0.203 mm samples.
When residual stresses are compared with the tumbling time, the results are in agreement with previous work (Dusil
1978) which shows a rapid initial increase for the first 10 hours of tumbling and then levelling off after 15 to 20
hours, as seen in Fig. 5c).
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a)

b)

c)

Figure 5: Comparisons of average residual stresses (a) Average residual stresses for each material. (b) Average
residual stresses for each sample thickness. (c) Average residual stresses for each time in tumbling.
The rate of change of residuals stresses for batch A and B samples for different tumbling times is shown in the
following figure 6. The results are mixed for different tumbling durations.

Figure 6: Showing the average amount of change in residual stresses for the materials in each Batch relative to the
tumbling duration.

8. DISCUSSION
The results of the edge profile, surface appearances and roughness examinations points towards an initial difference
in the effect of the tumbling between the different tumbling batches. The samples for which the 10 hour batch
tumbling began with a used tumbling media have rounder edges, more rapidly affected surface appearances and
rougher surface profiles for up to 5 hours of tumbling.
For tumbling times longer than 10 hours it is clear that the condition of the tumbling media at the start of the
tumbling has little effect on the final outcome.
It appears that the differences in tumbling between the two batches of material have had an effect on the residual
stresses as well as the surfaces and edges.
The residual stress measurements indicate that tumbling for more than 20 hours will result in increased compressive
residual stresses. They also show that between 10 and 20 hours the increase in residual stresses is comparatively
lower while it appears to be possible to modify how rapidly the residual stresses increase for the first few hours of
tumbling, with relatively small modifications to the tumbling media.
(Dusil 1978) showed that the ”420” and ”1095” materials have significantly different amounts of residual stresses
after tumbling and that this difference had a clear effect on the fatigue properties of the materials.
Based on this the ”Flap-X” material is likely to have notably better fatigue life after tumbling as compared to the
current standard flapper valve steel grades included in this investigation.
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The study also reemphasises how critical it is for valve manufacturers to measure different metallurgical aspects of
reed material before and after tumbling.

9. CONCLUSIONS










The composition of the tumbling media can have a significant effect on the rate of edge rounding.
The composition of the tumbling media can have a significant effect on the duration required for the
material surface to be modified and also how smooth it becomes.
The composition of the tumbling media appears to have an effect on the increase in residual stresses for
short tumbling times.
The tumbling time necessary to achieve maximum compressive residual stresses is between 15 and 40
hours.
The ”Flap-X” material has notably higher residual stresses compared to the other materials investigated.
The”1095” carbon strip material has comparatively less residual stresses compared to the other materials
investigated.
The thickness of the material appears to have a notable effect on the amount of residual stresses in the
surface after tumbling.
”Flap-X” is likely to have improved fatigue properties after tumbling as compared to the other flapper
valve steel grades in the investigation.
The findings of this investigation provide a valuable reference to allow valve manufacturers to understand
how to optimise their tumbling process.
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